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Pbvo DATING DIGESTION AND ANALYSIS 
SOP MSL-M-6 

1.0 SCOPE AND APPLICATION 

1.1 This method is applicable to the preparation of sediment samples and the analysis of 
those samples for Pb210 concentrations. 

2.0 SUMMARY OF METHOD 

2.1 Samples are acid-digested, filtered, and the filtrate evaporated to remove any 
remaining acid. A plating solution is added to the evaporated filtrate which is 
spontaneously plated onto silver discs and counted using a Si(Li) alpha particle 
spectrometer. A Po208 spike is used to correct for plating and counting efficiency. 

3.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 

3.1 Frozen or dried sediment samples are stored in acid-cleaned plastic jars. 

4.0 DEFINITIONS 

4.1 Plating - the process of creating a smooth, flat piece of any material, thin or of uniform 
thickness. 

5.0 INTERFERENCES . * 
5.1 Organic material which is not completely removed during the digestion step can 

interfere with the plating process. 

5.2 Nitric acid must be removed from the sample filtrate to assure adequate plating of 
Po2" on the silver disk. 

6.0 RESPONSIBLE STAE 

7.0 APPARATUS AND REAGENTS 

Analytical balance capable of accurate weighing to 0.01 g & 3%. 

Graduated cylinder, 25 ml and 250 ml. 

Assorted automatic pipettes. 

Hot plate. 

Fleakers @rand name of a combination flask-beaker), 250 ml. 

Filtration apparatus - fleakers, 500 ml, funnels, Whatman filters #41. 

Silver disks. 

Hydrochloric acid, concentrated finstra-pure for trace metals analysis). 



8.14 Place each disc in a plastic bag. The data sheet should accompany the digested 
samples from this point. The samples are now ready for analysis. 

9.0 ANALYSIS 

9.1 Count samples using a SXLif alpha particle spectrometer and rccord on data sheet 
(Exhibit 1). 

10.0 QUALITY CONTROL 

10.1 One procedural blanks should be run with each batch of samples or as specified by the 
sponsor. The procedural blank consists of reagents and is processed as a sample. 

10.2 One standard reference material should be analyzed with each batch of samples or as 
specified by the sponsor. 

11.0 CALCULATIONS 

11.1 Blank correction 

where, 
A208 = PoM8CYJUnt 
A210 = Po2l0cuunt a 

BR = reagent blank count 
BA = air blank count 
C2m = reagent and air blank corrected Po208 count 
C210 = reagent and air blank corrected Po210 count 

11.2 Decay correction 

11.2.1 The AT is the difference in time from when the disk was plated to when the 

disk was counted. Record the AT factor for the time decay of Po210 (sister tracer 

to P b W  from the Po210 chart (Exhibit 2). To calculate the A T  factor for Po210 
as they appear on the chart, use the following equations: 

Po210 AT factor = ,-L A T  

where, 
h = && = 0.005 

tln 
t1/? = half life = 138 days for Po210 

AT = plate time - count time in activity (AT) 



A T  Factors for PO*' 

- .  AT Factor AT Factor AT Factor 
0 1 .OO 64  1.38 130 1.92 
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Analyses of 1 3 7 ~ s  and Other Gamma Emitting Isotopes 
by Gamma Counting 

1 .O SCOPE AND APPLICATION 

This method is used to measure the activity of '37Cs and other gamma emitting isotopes 
(e.g., 7Be and 40K) in sediment. I3'Cs will be used as the example throughout this 
procedure, but the other isotopes can be easily substituted in the procedure and 
calculations. The activity of '37Cs is used to provide a means of determining the age of a 
sediment layer. During the last 50 years, '37Cs has been entering the oceans as a result 
of atmospheric testing of nuclear weapons. The major input occurred between 1957 
and 1965, producing a maximum of '37Cs activity in the ocean surface water in 
approximately 1965. Since then, the '37Cs level in surface water has decreased slowly 
due to mixing with the deep ocean and radioactive decay. Marine sediments in contact 
with seawater exchange stable Cs and '37Cs, thus, the levels of '37Cs in the seawater 
and the sediments are related. Once these sediments are removed from interaction 
with seawater through burial, the '37Cs activity changes only due to decay, which is 
predictable, and possibly by mixing as a result of bioturbation or other sediment 
perturbation. If the sediment remains relatively intact as sedimentation occurs over 
time, the levels of '37Cs buried reflect the relative amounts of '37Cs that were deposited. 
In this way, the subsurface maximum observed in a core from these undisturbed 
sediments can be assigned a year of 1965, as described above. This procedure 
replaces MSL-M-008-00 '37Cs Analyses by Gamma Counting. . 

2.0 DEFINITIONS 

GeLi - Germanium, Lithium crystal used to detect gamma rays. 

dpmlg - disintegrations per minute per gram, units of measurement. 

7Be - Beryllium, isotope mass 7; 0.487 meV 

'37Cs - Cesium, isotope mass 137; 0.66164 meV. 

'OK - Potassium, isotope mass 40; 1.461 meV. 

3.0 RESPONSIBLE STAFF 

Technician - sample digestion 
Analyst- sample analysis, calculations 
MSL QA Ofticer or Representative- data verification 
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4.0 SUMMARY OF MFTHOD 

"'Cs, 'Be and 'OK are measured directly in either wet or dry sediment by measuring the 
gamma rays emitted using a GeLi detector. 

Typical detection limit for the method is 0.01-0.1 disintegrations per minute per gram 
This corresponds to a sample weight of no less than 50 grams dry. 

5.0 PROCEDURE 

5.1 Samole Collection. Preservation and Handling 

Samples can be held either wet or dry and do not require any special storage 
conditions. 

5.2 potential Interferences 

5.2.1 Other gamma rays may interfere with I3'Cs counting of samples. This can be 
evaluated by analyzing standard reference materials to assess the accuracy of 
the method. 

5.2.2 40K may be monitored for a number of reasons: 1.) to monitor system 
performance; and 2.) because the source of 'OK is crustal material, the activity 
present in a sediment core should onlythange due to changes in the types of 
crustal material present. Monitoring this isotope is a good indication of changes 
in type of material present in the core and aid in data interpretation. 

5.3 A~oaratus and Rea- 

GeLi detector 
Counter; Canberra, Series 35 

5.4.1 The detector must be kept cold at all times. This is done by keeping the detector 
in a Dewar flask filled with liquid nitrogen. 

5.4.2 In case of power failure for the high voltage bias power supply, the voltage on the 
bias power supply must be turned down before resetting the power interrupt 
relay. Then the bias voltage must be increased gradually to 3500 volts at the rate 
of 100 volts per second. If in doubt. contact an experienced operator or contact 
facilities personnel. 

5.5 Sample Preparation 

Samples can be analyzed either wet or dry. It is important that the sample be 
placed in a container of the same geometry as the calibration standard. 
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5.6 Calibration 

5.7 Analysis 

Setting Channels - Three ranges are set for analysis of '37Cs; the range 
containing the left blank, the actual 's7Cs peak and the right blank. 
Because there is significant background noise, these background counts 
must be subtracted from the '37Cs counts to obtain an accurate 
quantitation. The '37Cs range should contain between 10 and 20 
channels. The number of channels in the left and right blank ranges must 
add up to the number of '37Cs channels being counted. 

Calibrating to a known standard -The detector is calibrated by placing a 
standard of known activity on the detector for a known period of time. It 
is important that the standard be placed in a similar container and that the 
container be placed in the same position on the detector as the samoles. 
Both the integration and area are recorded for all three channels.   he 
intearation is the non-backaround corrected number of counts measured. 
~he'area value is the system background corrected measurement. 
Generally, the integrations are used and manually corrected for the 
background integrations recorded for the left and right blank ranges being 
measured. The number of disintegrations per count is then calculated 
(Section 6.1) and used to calculate the activity of the unknowns (Section 

The sample is placed in front or on top of the detector, depending on the 
configuration of the system. The sample should be placed in exactly the same 
position as the standard and this position should remain constant for all samples 
in that batch. Samples are generally counted for 24 hours, however, a shorter 
counting period can be used depending on the amount of sample available and 
the activity of the sample. After the prescribed counting period the sample 
integration and area counts are recorded for both the left and right background 
ranges and the actual l3'Cs peak range as weil as the counting time in seconds. 
As described above, the integrations are generally used for all calculations. 
Section 6.0 describes these calculations. 

5.8 Analysis of Sam~le Dry Weight. 

The dry weight of the entire sample analyzed must be determined to calculate 
the final activity of the sample. Generally, the entire sample used for 
measurement is weighed either prior or after counting. If the sample is analyzed 
wet, the wet weight of the sample analyzed should be measured and either a 
subset or the entire sample can be dried to determine the percent moisture. 
Percent moisture is determined following MSL-C-003, Percent Dry Weight and 
Homogenizing Dry Sediment, Soil, and Tissue. 
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6.0 CALCULATIONS 

The following calculations use '37 CS as the example. If calculations for other isotopes 
(e.g., 7Be and 40K) are desired, the correct half life and standard activity will need to be 
substituted in the algorithms given below. 

6.1 Standard Calibration Idisintearationslcount) 

&=A, * e 4  

Where: = ln2/t,, [t,, (half life) for '37Cs = 30.7 years] 
A,= Initial Standard Activity (in Ci) 
A, = Activity at time t 
t = time in years since initial activity determined 

To convert from Ci (microcuries) to dps (disintegrations per second): 

3.7 x lo"' dps = 1 curie 

STD (disintegrationslcount) = A, * (lo* CilCi) * 3.7 loq0 dps1C1 * 6 I Cnd 

where: 6 = time standard counted in seconds 
C, = Counts recorded for standard (integrations) . 

6.2 Sam~le Calculation 

A, = CsItNV, * STD 

Where: 4 = Sample activity in disintegrations per minute per gram 
t = time standard counted in minutes 
C,= Net sample counts recorded ('"Cs integrat~ons - sum of lefl and r~ght 
blank integrat~ons) 
W,= Sample dry weight in grams 

6.3 Detection Limit (DL) 

The detection limit is defined as 3 times the square root of the background counts. 

7.0 QUALITY CONTROL 

7.1 Instrument calibrations must be performed (Section 5.6.2) at a minimum of once 
per 10 samples or when the system changes or maintenance occurs. During 
calibration, range settings should be checked to make sure no system drift has 
occurred. If the I3'Cs peak has drifted outside of the set range, this range should 
be re-set and the new channel range should be recorded. If range settings 
continue to drift after each calibratibn there may be problems with the system 
and facilities should be notified to initiate instrument repair. 
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